Patent Application 
Attorney Docket No. 10290US01 

SYSTEMS AND METHODS FOR USING SERVOPOSITIONING SIGNALS 

FIELD OF THE INVENTION 

5 This invention concerns systems and methods for using servopositioning signals in 

linear recording media. 

BACKGROUND OF THE INVENTION 

Modern data storage systems use servopositioning (or, "servo") systems to guide 
their recording and playback components with respect to a recording medium, and thus 

10 enable high track density, which increases data storage capacity. Errors in the ability to 
follow the servopositioning signals on the medium can cause unacceptable reductions in 
storage capacity, recording/playback rates, and other parameters that are important to 
consumers (and thus to system manufacturers). For example, magnetic tape drives such 
as the IBM model 3570 and drives known under the names "Ultrium" and "Accelis" as 

1 5 described by the Linear Tape Open consortium use timing based servopositioning systems 
to accomplish these objectives. 

SUMMARY OF THE INVENTION 

The invention provides a method for writing servopositioning data onto a 
recording medium such that a position error signal is intentionally created at any desired 
20 magnitude and frequency. This provides valuable diagnostic information for drive 
manufacturers and consumers. 

Specifically, one aspect of the invention is a linear recording medium that 
comprises a series of parallel servo transitions. The distances between adjacent transitions 
are modulated as a function of location of the transitions on the medium. Preferably, but 
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not necessarily, the adjacent parallel transitions are immediately adjacent to each other. 
The medium could be a magnetic recording medium, a tape recording medium, or most 
preferably, a magnetic tape recording medium. Another aspect of the invention is a 
system for intentionally generating position error signal in a data recording drive. This 
5 comprises the combination of the recording medium just described and a recording drive. 
The drive, which is designed to expect essentially no modulation of distance between 
immediately adjacent parallel servo transitions on the medium, detects the signal created 
by the modulation of that distance through a servo read head. This signal may be used for 
a variety of independent purposes, such as: generating a position error signal in the data 
10 recording drive; measuring response of the servopositioning system, and especially the 
response to steps or other patterns in the modulated signal magnitude and/or frequency; 

simulating rapid transient motion of the linear recording medium; disabling a data write 

if! 

■q- function in the drive if the position error signal exceeds a so-called "stop write" limit; and 

evaluating performance of the drive (e.g., by comparing the detected position error signal 
15 to an expected value). 



BRIEF DESCRIPTION OF THE DRAWINGS 



W The accompanying drawings show a particular embodiment of the invention as an 

example, and are not intended to limit the scope of the invention. 

Figure 1 is a schematic view of one embodiment of the invention. 

20 Figure 2 is a schematic view of an alternative embodiment of the invention. 

Figure 3 is a schematic view of another embodiment of the invention. 

Figure 4 is a display of the result of implementing the invention as described in the 
Example below. 
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DETAILED DESCRIPTION 

In general terms, the invention can be embodied in an entire system of data 
recording and playback, including the combination of a drive and a linear recording 
medium; or as only the recording medium portion of such a system; or as methods for 
accomplishing certain tasks with such as recording medium, either alone or in combination 
with such a drive. Thus, while the following description focuses on the preferred 
embodiment of magnetic recording drives and magnetic recording tape compatible with 
such drives, this is not a limitation on the scope of the invention. Similarly, the following 
description focuses on the recording medium portion of the invention solely as a matter of 
convenience, and thus it should be understood to include other embodiments of the 
invention depending on the circumstances, such as combinations of the medium and drive, 
and methods of using such combinations or relevant portions of them. In that vein, the 
term "transition" should be understood broadly, especially when non-magnetic recording 
principles are involved. 

Figure 1 is a schematic view of a portion of a linear recording medium (such as a 
magnetic tape) in operation with a suitably compatible drive (not shown), according to an 
embodiment of the invention. The function of any track following servo system for linear 
recording drives is to provide servo read head lateral position information in a feedback 
loop so that the data read and write heads can be maintained on the proper track. Timing 
based servo systems, such as those described in US Patent 5,689,384 (the entire contents 
of which is incorporated by reference), utilize the time between servo pattern events as a 
measure of Position Error Signal (PES). The direction of media motion (e.g., "down" the 
length of a linear recording tape) is typically orthogonal to the direction controlled by the 
servo (/.e., across the width of the tape, transverse to the length). Thus, the servo pattern 
must translate timing in one direction to displacement in another. 
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One such pattern is shown in Figure 1 . The servo transducer is a read head (or the 
read portion of a read/write head) 10 that is much narrower than the angled, non-parallel 
transitions of the servo pattern, 20a and 20b. (In this and all embodiments of the 
invention, a servo transition, such as that labeled 20a, shown as a single signal, should be 
5 understood to also represent a burst of multiple parallel transitions.) 

Servo read head 10 traverses the medium 100 in the y direction (/.e., transverse to 
the direction of tape motion), reading transitions 20a and 20b and thus indicating the 
position of the servo read head 10 with respect to the desired trackline T in a conventional 
manner. For a constant velocity along the recording medium in the longitudinal direction, 
10 and depending on the transverse location of servo read head 10, the width of the servo 
pattern in the longitudinal direction, a, changes. The distance a is geometrically related to 



111 the head lateral displacement, y, from reference line R (or a line parallel to R according to 

m 

igi known principles). 



Because media speed perturbations would introduce error in the measurement, 
15 additional servo patterns are located on the medium so that repeated measurements can be 
made. Specifically, a third transition 21a is placed adjacent to, and parallel to, the first 
transition 20a at a distance B between successive parallel transitions, and a fourth 
transition 21b is similarly included. It should be noted that Figure 1 shows immediately 
adjacent parallel transitions as a matter of convenience, and because it is the preferred 
20 embodiment, but as indicated in Figure 2, in the general case it is only necessary that pairs 
of adjacent parallel transitions be selected, not necessarily immediately adjacent parallel 
transitions. The remainder of this discussion presumes the preferred embodiment only for 
convenience. 

The relationship between y, t a , fc, and the geometry of the pattern, where t a and t b 
25 are the times to traverse distances a and B, respectively, are: 
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where 0 is the angle the parallel transitions 20a, 21a make with the transverse direction. 

Both t a and t b are easily measured. If distance B is fixed, read velocity 
compensation is possible within the bandwidth allowed by the spacing distance. 
Servoposition patterns in which B is constant are known, including those disclosed in US 
Patents 5,689,384; 5,930,065; and 6,021,013 (each Albrecht etal). 

By contrast, the method of the invention relies on the exact opposite of the 
Albrecht et al requirement that B be held constant over the length of the recording 
medium. That is, the invention comprises modulation of the B distance over (at least 
some of) the length of medium 100 to simulate PES. By precisely controlling B spacing 
while writing the series of parallel servo transitions on the medium, PES error at any 
frequency or magnitude can be generated. Conventional drives assume B is constant, and 
therefore will read a servo pattern having modulated variation in B as vertical motion of 
the recording medium. In this manner, a special servo writer can "write in" PES error at 
pre-determined levels. A good approximation of the PES error caused by a 1% variation 
in B spacing is: 



PES = — 
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where Y t is the target position on the servo pattern. 



For example, if A=70 ^m, 9= 6 degrees and Yj= 0 (at the bottom of the pattern), 
the PES error is 3.3 per percent error in B spacing. 



Referring to Figure 3, modulation of the B distance may be accomplished by any 
means that adjusts the relative velocity of the servo write head (or the write portion of a 
read/write head) 10 to the medium 100. This will produce a PES signal from the servo 
readout circuit 230 of a drive 200. The preferred technique adjusts the clock 210 that 
serves the servo write head timing circuit 220. This has the advantage of not requiring a 
change in the normal behavior of the servo read head 10 and medium transport control 
240, which is to move the medium at constant velocity relative to the servo read head. 
Another technique is adjusting either the longitudinal or vertical position of the medium, 
but this is not preferred because it requires sophisticated control of the medium transport 
mechanism. Similarly, adjusting either the longitudinal or vertical position of the servo 
write head 10 could be attempted, as indicated by the arrows adjacent to it in Figure 3, but 
it is not preferred. 

As compared to a baseline value of PES, there are at least three broad categories 
of intentionally introduced changes in PES value that may be implemented in accordance 
with the invention. One is a step response pattern, in which the PES value changes from 
the baseline value to some other value, and remains at the latter for a relatively long 
duration (e.g., as compared to the time required to measure the PES value). The second 
is a pulse response pattern, in which the PES value changes from the baseline value to 
some other value, then returns to the baseline magnitude during a fairly short time. The 
third is a frequency response pattern, in which the PES value changes between the baseline 
value and some other value and back to baseline again, repeating that cycle at a frequency 
which may be constant or variable over time. Other patterns of changing PES value are 
also within the scope of the invention. It is possible to introduce PES as a function of 
frequency and consider the performance of the system and/or media by analyzing the 
resultant Bode plot of PES (or residual PES) as a function of frequency. 

A recording medium written with pre-determined PES error may be used in the 
following ways. First, by placing steps in the PES, a drive servo developer can measure 
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the step response of the drive servo system. Second, PES steps of various magnitudes can 
simulate rapid transient motion of the medium for use in developing error recovery 
procedures. These can also be used to determine the "stop write limit," which is the 
amount of PES allowed by the drive before the data write function is disabled in an 
5 otherwise conventional manner. Third, by increasing PES stress (magnitude and/or 
frequency) over at least a portion of the length of the medium, drives from various 
manufacturers can be evaluated and ranked for servo performance. Fourth, media can be 
written with barely tolerable PES stress that can be used by drive manufacturers in a 
diagnostic test, such as a final test performed before shipping drives to vendors or 
10 customers. 

O Because the PES error is a function of Y t (vertical position of the servo read 

i|i element on the servo pattern), targeting different positions on the pattern changes the 



magnitude of PES error. Using the example above, the PES error would be reduced to 
1.7 |im per % of spacing error if the target position were 163 ^m up from the base. Thus, 
1 5 by choosing different servo positions, it is possible to modify the magnitude of the error by 
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j J Example 



A commercially available 'TJltrium generation 1" magnetic tape recording drive 
was used with a compatible magnetic recording tape, modified as necessary according to 

20 the principles described above. Adjusting the clock in the servo write head timing circuit 
in an open-loop manner generated a varying PES signal. The tape was written to generate 
3 micrometers of PES error at a frequency of 100 cycles/meter. Figure 4 shows the 
results. The upper portion of the figure shows consistently varying position error signal at 
the ±3 micrometer levels, while the fast Fourier transformed signal appearing in the lower 

25 portion of the figure shows the 1 00 cycle/meter signal clearly distinguishable over 

background levels, at a signal magnitude of 1.5 micrometer peak (3 micrometer peak-to- 
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peak). This demonstrated the feasibility of producing a signal capable of being detected by 
a servopositioning head according to embodiments of the invention described above. 
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